The reaction between 4,5,6,7-tetrahydro-2-(4,5,6,7-tetrahydro-1,3-benzodithiol-2-ylidene)-1,3-benzodithiole (common name: 4,4 0 ,5,5 0 ,6,6 0 ,7,7 0 -octahydrodibenzotetrathiafulvalene, OMTTF) and an excess of iodine in tetrahydrofuran (THF) yielded the respective radical organic polyiodide salt, C 14 H 16 S 4 + ÁI 3 À . The asymmetric unit contains one and a half formula unit of both the cation and the anion, with the half-ions completed through inversion symmetry. The (OMTTF + ) positive charge can be assigned by the bond distances and the planar structure of the C 2 S 2 C CS 2 C 2 central fragment. In the crystal, trimers of triiodide anions are connected through secondary intermolecular IÁ Á ÁI interactions into almost linear I 9 3À polyanions. The non-centrosymmetric OMTTF radical cations are linked by SÁ Á ÁS interactions into centrosymmetric dimers, while the centrosymmetric OMTTF cations remain as discrete units. The (OMTTF + ) radical cations and the triiodide anions are linked by weak C-HÁ Á ÁI and C-HÁ Á ÁS interactions into a three-dimensional network. This work reports the fourth crystalline modification of the C 14 H 16 S 4 + ÁI 3 À salt. The three previous modifications were obtained from a mixture of acetonitrile and toluene [Konarev et al. (2005) . Synth. Met. 151, 231-238].
Chemical context
Tetrathiafulvalenes (TTF) belong to one of the most important and promising classes of sulfur-containing compounds in materials chemistry, with an emphasis on their electrical conductivity and magnetic properties. As far as we know, the first report about a sulfur-containing heterocycle with the C 2 S 2 C CS 2 C 2 central fragment, dibenzotetrathiafulvalene, can be traced back to the early twentieth century (Hurtley & Smiles, 1926) . In the 1970 0 s and 1980 0 s, the focus of TTF research changed rapidly from heterocyclic synthetic chemistry to materials chemistry as a result of the wide range of applications in electric and magnetic devices (Fanghä nel et al., 1983; Hü nig et al., 1973a,b; Richter et al., 1984; , 1982 Schukat et al., , 1976 Schukat et al., , 1981 Schukat et al., , 1982a . TTF and its derivatives can be synthesized and manipulated as common organic substances, but they can show properties normally associated with metals or semimetals. The tetrathiafulvalene-tetracyanoquinodimethane compound (TTF + ) m (TCNQ -) n is considered to be the first synthetic metal because of its high electrical and metallic conductivity down to 53 K. At lower temperatures, a Peierls distortion under pair formation occurs, accompanied by ISSN 2056-9890 transition to semiconducting behaviour (Wudl et al., 1970) . A further breakthrough within the field of TTF chemistry came with the synthesis of bis(ethylendithio)tetrathiafulvalene (BEDT-TTF), which opened a completely new area for materials science: superconductivity in molecular systems. (BEDT-TTF) 2 (I 3 ) is an example of a polyiodide superconductor radical salt at 7 K. In its crystal structure, the (BEDT-TTF + ) units are stacked along the [110] direction with short intermolecular CÁ Á ÁC contacts. Short inter-stack SÁ Á ÁS interactions along [100] complete the organic substructure, a layer parallel to (001). As a result of the partially positive charge over the columns of (BEDT-TTF + ) and the short contacts, electrical conductivity is directed along this axis. The I 3 À units form the inorganic subcell, layers parallel to (001), which enables the crystal packing and ensures electrostactic neutrality (Madsen et al., 1999) .
A key point within TTF chemistry is the oxidation of the related sulfur-containing molecule to a radical cation with integral or partial charge. The fully oxidized TTF derivatives show salt structures and structure-correlated magnetic properties, while partially oxidized ones show charge-transfer-like behaviour. The radical electron and the positive charge are mainly located over the central fragment of the molecule, the C 2 S 2 C CS 2 C 2 unit, being stabilized by the delocalization of electron density from the sulfur atoms to the central C -+ C fragment and by the two five-membered rings, which become aromatic in the course of the oxidation. In addition, the electron-density delocalization increases the symmetry of the central unit, from C 2v to D 2h , which contributes to the cation stability. A huge number of different anions can be used with TTF-derivative cations, from simple halide ions to coordination compounds, resulting in a great diversity of molecular arrangements, supramolecular structures and physicochemical properties (Saito & Yoshida, 2007 (Beck & Oliveira, 2009 ).
As part of our research on TTF organic radical chemistry, we report herein the synthesis, crystal structure and Hirshfeld analysis of a new crystalline modification of the octamethylentetrathiafulvalenium triiodide (OMTTF + )(I 3 À ) compound. Three crystalline modifications of this TTF derivative salt structure have already been reported (Konarev et al., 2005) .
Structural commentary
There are one and a half molecules of both the cation and the anion in the asymmetric unit ( Fig. 1 ) of octamethylentetrathiafulvalenium triiodide (OMTTF + )(I 3 À ), (C 14 H 16 S 4 )I 3 , both half-ions being completed by inversion symmetry. The two OMTTF units are fully oxidized to the +1 charge and the electron density is delocalized over the C 2 S 2 C -+ CS 2 C 2 fragment, as implied by their intermediate bond lengths. The central C-C distance is consistent with increased single-bond character due to the loss of one electron. For neutral OMTTF, the central C-C bond length is 1.326 (4) Å (Zaman et al., 1999) , while in this work the values are 1.405 (7) Å for C1-C1
iii [symmetry code: (iii) Àx + 1, Ày + 1, Àz] and 1.383 (5) Å for C8-C9. At the same time, the S-C bond distances are consistent with increased double-bond character, since the sulfur atoms polarize the electron density to the central C-C bond to stabilize the positive charge and the two fivemembered rings become aromatic. For neutral OMTTF, the S-C bond distance is 1.759 (3) Å . For the (OMTTF + ) molecule in this work, the S-C bond distances are S1-C1 = 1.719 (3), S2-C1 = 1.715 (4), S3-C8 = 1.711 (4), S4-C8 = 1.720 (4), S5-C9 = 1.727 (4) and S6-C9 = 1.724 (4) Å . This change in the bond character is a key feature in distinguishing between neutral and cationic TTF derivatives and is well known in the literature (Zaman et al., 1999) . The non-planarity of the six-membered rings is shown by the maximum deviation from the mean plane of the non-H atoms for the (OMTTF + ) molecules, 0.307 (4) Å for C5 and 0.415 (4) Å for C13. The central fragments of the molecules are nearly planar, with a maximum deviation from the mean plane of the non-H atoms of the C8-C10/C15-C17/S3-S6 fragment of 0.0790 (18) Å for S6 and a maximum deviation from the C1-C3/S1/S2/C1
iii -C3 iii / S1
iii /S2 iii fragment of 0.0221 (11) Å for S2. The r.m.s deviations of their atoms from these mean planes are 0.0504 and 0.016 Å , respectively. In the triiodide anion I2-I1-I2 iv [symmetry code: (iv) Àx + 2, Ày, Àz + 1], the two I-I bonds are identical; in the second anion I3-I4-I5, the two I-I bonds differ only by 0.06 Å . Thus, polarization of the anions by the cations can be regarded as negligible (Fig. 1 ).
Supramolecular features
) is an organic radical compound with a salt structure. The cations and anions alternate in the crystal structure and no -stacking, organic radical columns or an organic conductor subcell is observed, as e.g. for the (BEDT-TTF + ) m (I 3 À ) n superconductor (Madsen et al., 1999) . In the crystal structure of the title compound, pairs of non-centrosymmetric (OMTTF + ) units are connected through SÁ Á ÁS intermolecular interactions into inversion dimers. The sum of the van der Waals radii for SÁ Á ÁS contacts is 3.6 Å (Bondi, 1964; Rowland & Taylor, 1996) and the distance for the S5Á Á ÁS6 v interaction amounts to 3.4841 (16) Å (Fig. 2 ) [symmetry code: (v) Àx + 1, Ày + 1, Àz + 1]. Meanwhile, the centrosymmetric OMTTF cations remain as discrete units, with no short intermolecular contacts. The triiodide anions show a close intermolecular IÁ Á ÁI distance of 3.5934 (5) Å , much shorter than the sum of the van der Waals radii, 3.96 Å (Bondi, 1964; Rowland & Taylor, 1996) , and forming an almost linear polyiodide anion I 9 3À aligned with the [021] direction. Finally, the (OMTTF + ) entities and the I 3 À anions are linked to each other by C-HÁ Á ÁI and C-HÁ Á ÁS hydrogen bonds, forming a three-dimensional network ( Fig. 3 and Table 1 ). Additionally, there are very weak intermolecular contacts with HÁ Á ÁI distances from 3.21 to 3.38 Å and with a HÁ Á ÁS distance of 3.00 Å , which are longer the sum of the van der Waals radii for the respective atoms but are relevant for the crystal cohesion ( Fig. 3 and Hirshfeld analysis section). Table 1 Hydrogen-bond geometry (Å , ). 
Hirshfeld surface analysis
The Hirshfeld surface graphical representation (Hirshfeld, 1977) of the polyiodide oligomers in a section of the crystal structure indicates, in magenta, the locations of the IÁ Á ÁI intermolecular contacts, while the (OMTTF + ) units are represented using a 'ball-and-stick' model for clarity (Fig. 4) .
) contacts are the most striking features in the Hirshfeld surface figure, but the most important contribution to the crystal cohesion (in %) comes from the HÁ Á ÁH and HÁ Á ÁI intermolecular interactions, amounting to 31.40 and 34.60% of the surface contacts, respectively. The selected contributions to the crystal packing are shown as twodimensional Hirshfeld surface fingerprint plots with cyan dots (Wolff et al., 2012) . The d e (y axis) and d i (x axis) values are the distances to the closest external and internal atoms (values in Å ) from a given point on the Hirshfeld surface (Fig. 5a for HÁ Á ÁH and 5b for HÁ Á ÁI).
Database survey
To the best of our knowledge and using database tools such as SciFinder (Chemical Abstracts Service, 2018), three different crystalline polymorphs of (OMTTF + )(I 3 À ) have been reported (Konarev et al., 2005) (Fig. 6a for  the -, Fig. 6b for the and Fig. 6c for the form). All three crystalline modifications are obtained by the same synthetic route and from a mixture of acetonitrile and toluene as crystallization solvent. All three polymorphs show a salt structure, and the new polymorph fits into the series. There are, however, distinct differences in the interactions between the Sections of the crystal structures of the (a) , (b) and (c) polymorphs of (OMTTF + )(I 3 À ). For details about the structures, please see: the Database survey section of this work and Konarev et al. (2005) . For clarity, the I 3 À units are drawn in different formats: either as Hirshfeld surface representations (d norm ) or using 'ball-and-stick' models. The a axis is drawn in red, the b axis is drawn in green and the c axis in blue. The cell in (b) is viewed along the a axis. radical cations in the respective structures. In the (Fig. 6b) and the (Fig. 6c) . The molecules are arranged in a parallel fashion. Two four-center two-electron bonds between the S atoms are present with typical SÁ Á ÁS distances around 3.3 Å . The intermolecular bonds between the central parts of the two molecules cause steric repulsion in the peripheral parts. As a consequence, the molecules are no longer planar but achieve a typical bent shape. For the modification, a centrosymmetric dimer (OMTTF + ) 2 2+ is observed for the radical cations without a molecular inversion centre. Unlike in the and forms, in the form the (OMTTF + ) units of the dimer are not face-to-face, but offset (Fig. 2) .
In the and the forms, concerning the centrosymmetric radical cations only, the (OMTTF + ) units are mainly isolated from each other. Only weak intermolecular interactions with SÁ Á ÁS distances longer than the sum of the van der Waals radii of two sulfur atoms are observed. This is in line with the almost undistorted planarity of the entire molecule. For the three modifications, some I 3 À units were drawn as Hirshfeld surfaces (Hirshfeld, 1977) and some others as 'ball-and-stick' models for clarity. The selected contributions to the crystal packing are shown as two-dimensional Hirshfeld surface fingerprint plots with cyan dots (Wolff et al., 2012) . The analysis of the complete asymmetric units of the three crystalline modifications suggests that the contribution of the HÁ Á ÁH and HÁ Á ÁI contacts for the crystal cohesion are 43.30% and 17.40% for the modification (Fig. 7a and 7b) . For the modification, the values for the HÁ Á ÁH and HÁ Á ÁI contacts amount to 29.20% and 33.90% (Fig. 7c and 7d) . Finally, for the modification the values for the selected contacts amount to 23.00% and 39.70% (Fig. 7e and 7f) . The HÁ Á ÁH and HÁ Á ÁI contacts were selected for comparison and analysis of the four crystalline modifications because they are the most frequent (in percentage terms) for all structures, but still show clear differences between the polymorphs.
Synthesis and crystallization
All starting materials are commercially available and were used without further purification. In order to obtain fully oxidized TTF radical cations, an excess of I 2 was employed. In a typical experiment, OMTTF (3.00 Â 10 À4 mol) and iodine (1.20 Â 10 À3 mol) were separately dissolved in anhydrous tetrahydrofurane (40 mL). The solutions were added separately and simultaneously to each tubing of a U-shaped Schlenk flask previously evacuated and filled with argon. As the U shape was divided into two compartments by a level 3 porosity frit, the diffusion of the two solutions was slow. After some weeks, black crystals suitable for X-ray diffraction were obtained. The OMTTF radical cation triiodide is air-sensitive in solution, but stable for years in the solid state.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . Hydrogen atoms were positioned with idealized geometry and refined isotropically using a riding model, with U iso (H) = 1.2 U eq (C), and with C-H = 0.97 Å . The possibility of disorder was verified with a new refinement, but rejected. Although the shapes of the displacement ellipsoid for C20, C21 and C5 are different from those of nearby atoms, these peripheral sp 3 atoms have more freedom to move and no clear splitting was suggested by the data. (Farrugia, 2012) , DIAMOND (Brandenburg, 2006) and CrystalExplorer (Wolff et al., 2012) ; software used to prepare material for publication: publCIF (Westrip, 2010) and enCIFer (Allen et al., 2004) . Extinction coefficient: 0.00314 (13)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
